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ABSTRACT
This paper is the second in our three part series examining how a variety of biomechanical principles and concepts 
have direct relevance to the prescription of resistance training for the general and athletic populations as well as for 
musculoskeletal injury rehabilitation. In this paper, we considered different neuromuscular characteristics of resistance 
exercise. We started by defining the causes of motion, discussing force and Newton’s second law of linear motion. This 
led to discussion of impulse, and how its relationship with momentum can be used to study force-time curves recorded 
from different ground-based resistance exercises. This enables the sports biomechanist to derive movement velocity, 
which enables study of the relationship between force and velocity, and we concluded that as the force required to 
cause movement increases the velocity of movement must decrease. This relationship is critical because it enables 
strength and conditioning coaches and exercise professionals to manipulate resistance-training loads to maximise 
training gains for sports performance. We described representative force-time curves from basic human movements 
to provide a foundation for discussion about how different resistance-training gains can be achieved. This focused on 
exercise technique, including use of the stretch-shortening cycle, magnitude of load, ballistic resistance exercise, and 
elastic band and chain resistance (although elements of this will receive greater attention in our final article). Finally, we 
defined and explained the concept of mechanical work and power output, examining the effect that load has on power 
output by considering the load-power relationships of different common resistance exercises. We hope that exercise 
professionals will benefit from this knowledge of applied resistance training biomechanics. Specifically, we feel that 
the take home message of this article is that resistance exercise load and technique can be manipulated to maximise 
resistance-training gains, and that this can be particularly useful for athletes trying to improve sporting performance.
Keywords: biomechanics; forces; velocity; impulse; work; power; resistance exercise.
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INTRODUCTION
7KLVLVWKHVHFRQGDUWLFOHLQRXUWKUHHSDUWVHULHV
WKDWFRQVLGHUVWKHSUDFWLFDODSSOLFDWLRQRI 
ELRPHFKDQLFVWRUHVLVWDQFHWUDLQLQJSUHVFULSWLRQ,Q
WKHÀUVWDUWLFOHZHLQWURGXFHGELRPHFKDQLFDO
FRQFHSWVWKDWLQFOXGHGPRPHQWDUPVDQGMRLQW
PRPHQWVGLVFXVVLQJWKHLUDSSOLFDWLRQWRUHVLVWDQFH
H[HUFLVHDQGVRPHRI WKHIDFWRUVWKDWFDQLQÁXHQFH
WKHP7KLVH[SODQDWLRQRI KRZPXVFOHIRUFHLV
WUDQVPLWWHGWRH[WHUQDOORDGVLHEDUEHOOV
GXPEEHOOVERG\PDVVYLDVNHOHWDOMRLQWVVHWVWKH
VFHQHIRUWKLVVHFRQGDUWLFOHLQWKHVHULHV7KLV
DUWLFOHIRFXVHVRQKRZnet force IRUFHPLQXVZHLJKW
WKHFDXVHRI PRYHPHQWSURGXFHGE\WKH
QHXURPXVFXODUV\VWHPLVDSSOLHGGXULQJUHVLVWDQFH
H[HUFLVHKHUHDIWHUUHIHUUHGWRDVforce outputDQGWKH
IDFWRUVWKDWDIIHFWWKLV
7KHSXUSRVHRI WKLVDUWLFOHWKHUHIRUHLVWR
SUHVHQWNH\ELRPHFKDQLFDOFRQFHSWVUHODWHGWRIRUFH
RXWSXWLHWKHLPSXOVHPRPHQWXPUHODWLRQVKLS
PHFKDQLFDOZRUNDQGSRZHU)ROORZLQJWKLVXVHIXO
H[SODQDWLRQVDERXWKRZUHVLVWDQFHH[HUFLVHW\SH
WHFKQLTXHDQGWKHH[WHUQDOORDGLWVHOI FDQLQÁXHQFH
IRUFHRXWSXWDQGWKHLUSRVVLEOHHIIHFWVRQ
ELRPHFKDQLFDOSDUDPHWHUVDQGWUDLQLQJRXWFRPHV
ZLOOEHGHYHORSHG
KEY BIOMECHANICAL 
CONCEPTS 
What is force and what does it do?
7RXQGHUVWDQGWKHLPSRUWDQFHRI WKH
ELRPHFKDQLFVRI UHVLVWDQFHH[HUFLVHZHPXVWÀUVW
KDYHDEDVLFXQGHUVWDQGLQJRI 1HZWRQ·VODZVRI 
PRWLRQ)URP1HZWRQ·VWKUHHODZVRI PRWLRQWKH
VHFRQGODZDSSHDUVWREHRI PDMRULPSRUWDQFHWR
UHVLVWDQFHWUDLQLQJDOWKRXJKIURPWKHSHUVSHFWLYH
RI WKLVDUWLFOHLWLVFORVHO\IROORZHGE\WKHÀUVWODZ
RI LQHUWLD8VXDOO\UHIHUUHGDVWKHODZRI 
DFFHOHUDWLRQLWLVFRPPRQO\H[SUHVVHGZLWKWKH
IROORZLQJHTXDWLRQ
F = ma
:KHUHWKHF1UHIHUVWRnet forceZKLOHmNJ
DQGaPVUHIHUWRmassDQGacceleration 
UHVSHFWLYHO\)RUFHLVRIWHQGHÀQHGDVDpushingRU
pullingDFWLRQDQGFDQEHWKRXJKWRI DVDQ
H[SUHVVLRQRI VWUHQJWKEHFDXVHKRZKDUGZHFDQ
pushRUpullDQH[WHUQDOORDGUHOLHVODUJHO\RQKRZ
VWURQJZHDUH:KLOHWKHÀUVWDUWLFOHFRQVLGHUHGKRZ
IRUFHLVWUDQVPLWWHGIURPPXVFOHVYLDWKHMRLQWVRI 
WKHVNHOHWRQWKLVDUWLFOHIRFXVHVRQWKHVXPPDWLRQ
RI WKHVHIRUFHVDQGWKHLUHIIHFWRQZKDWLVRIWHQ
UHIHUUHGWRDVDERG\·VRUVHJPHQW·VFHQWUHRI PDVV
&207KH&20LVDWKHRUHWLFDOSRLQWZKHUHDOO
WKHPDVVFDQEHFRQVLGHUHGWRUHVLGHDQGLQFOXGHV
DQ\PDVVWKDWLVEHLQJpushed RUpulled DJDLQVW
5HVLVWDQFHH[HUFLVHW\SLFDOO\UHTXLUHVWKH
H[HUFLVLQJKXPDQWRPRYHaccelerateDQH[WHUQDO
ORDGmassWKURXJKDUDQJHRI PRWLRQDQGWKHlaw 
of  acceleration GHÀQHVWKHUHODWLRQVKLSWKDWH[LVWV
EHWZHHQPRYHPHQWDQGH[WHUQDOORDGDQGSHUKDSV
PRUHLPSRUWDQWO\KRZPRYHPHQWRI DQH[WHUQDO
ORDGUHOLHVRQIRUFH,WVKRXOGEHQRWHGWKDWZHRQO\
FRQVLGHULVRLQHUWLDOFRQVWDQWORDGLQJDVSURYLGHG
E\IUHHZHLJKWSLQDQGSODWHORDGHGPDFKLQHDQG
ERG\ZHLJKWUHVLVWDQFHLQWKLVDUWLFOH2WKHUW\SHVRI 
UHVLVWDQFHH[HUFLVHDUHRIWHQLQFOXGHGLQUHVLVWDQFH
WUDLQLQJSURJUDPVEXWWKHVHDUHEH\RQGWKHVFRSH
RI WKLVDUWLFOH7KHVHRWKHUIRUPVRI UHVLVWDQFH
LQFOXGHLVRPHWULFLVRNLQHWLFK\GUDXOLFSQHXPDWLF
DQGFDPDQGOHYHUEDVHGV\VWHPVDQGLQWHUHVWHG
UHDGHUVVKRXOGFRQVLGHUWKHH[WHQVLYHUHYLHZE\
)URVWet al. 
,WVKRXOGDOVREHQRWHGWKDWWKHGLUHFWLRQRI 
IRUFHRXWSXWLVDIDFWRUEHFDXVHIRUFHLVDYHFWRU
TXDQWLW\WKDWFRQVLGHUVKRZKDUGZHpush RUpull DQ
REMHFWDQGWKHGLUHFWLRQLQZKLFKZHpush RUpull LW
7KLVDUWLFOHZLOOIRFXVRQYHUWLFDOIRUFHDVWKLVWHQGV
WRUHSUHVHQWWKHODUJHVWIRUFHWKDWLVUHFRUGHGGXULQJ
PRVWUHVLVWDQFHH[HUFLVHVPDLQO\EHFDXVHRI WKH
HIIHFWRI JUDYLW\EXWDOVREHFDXVHPRVWIRUPVRI 
UHVLVWDQFHWUDLQLQJDUHSHUIRUPHGLQWKHYHUWLFDO
SODQH+RZHYHUODUJHDPRXQWVRI KRUL]RQWDOIRUFH
DUHQHFHVVDU\LQPDQ\VSRUWLQJPRYHPHQWVDQG
LQWHUHVWHGUHDGHUVVKRXOGFRQVLGHUWKHH[FHOOHQW
UHYLHZE\5DQGHOOet al. 
,WUHPDLQVWKDWKRZIDVWDQH[WHUQDOORDGLV
PRYHGGXULQJUHVLVWDQFHH[HUFLVHZKLFKLVUHODWHG
WRLWVDFFHOHUDWLRQGHSHQGVRQKRZPXFKIRUFHLV
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DSSOLHGWRLW7KHUHIRUHLI DNQRZQDPRXQWRI 
IRUFHLVDSSOLHGWRDQH[WHUQDOORDGLWZLOOH[SHULHQFH
DFHUWDLQDPRXQWRI DFFHOHUDWLRQLQWKHGLUHFWLRQRI 
WKHIRUFH,I PRUHIRUFHLVDSSOLHGWRWKHVDPH
H[WHUQDOORDGWKHQWKHDFFHOHUDWLRQPDJQLWXGH
LQFUHDVHVZKLOHLI WKHVDPHDPRXQWRI IRUFHLV
DSSOLHGWRDJUHDWHUPDVVDFFHOHUDWLRQPDJQLWXGH
GHFUHDVHV5HVHDUFKVKRZVWKDWWKHHIIHFWWKDWPDVV
FDQKDYHRQDFFHOHUDWLRQDQGPRUHVSHFLÀFDOO\
ELRPHFKDQLFDOYDULDEOHVOLNHYHORFLW\DQGSRZHU
FDQKDYHVLJQLÀFDQWLPSOLFDWLRQVIRUWKHZD\ZH
UHVSRQGWRUHVLVWDQFHWUDLQLQJ+RZHYHUWKH
DPRXQWRI IRUFHWKDWFDQEHDSSOLHGWRDQH[WHUQDO
ORDGLVJRYHUQHGE\PDQ\IDFWRUVZKLFKZLOOEH
GLVFXVVHGODWHUEXWLQFOXGHWKHUHODWLRQVKLSEHWZHHQ
IRUFHDQGYHORFLW\
Force-velocity relationship
7KHIRUFHYHORFLW\UHODWLRQVKLSDSSOLHVWRDOO
KXPDQPRYHPHQWV,I ZHFRQVLGHUDPRYHPHQW
VXFKDVDYHUWLFDOMXPSZLWKDQGZLWKRXWEDUEHOO
ORDGSHUIRUPHGZLWKWKHLQWHQWWRPRYHDVIDVWDV
SRVVLEOHWKHIRUFHYHORFLW\UHODWLRQVKLSLOOXVWUDWHG
LQ)LJXUHVKRZVWKDWZKHQDQLQGLYLGXDODWWHPSWV
WRMXPSZLWKRXWDQ\DGGLWLRQDOORDGWKH\ZLOOEH
DEOHWRPRYHYHU\TXLFNO\KLJKYHORFLW\ERWWRPRI 
WKHSHDNDQGPHDQIRUFHYHORFLW\WUHQGOLQHVLQ
)LJXUHGHPRQVWUDWLQJDQLQYHUVHUHODWLRQVKLS
EHWZHHQIRUFHRXWSXWDQGPRYHPHQW&RQYHUVHO\
MXPSLQJZLWKDGGLWLRQDOORDGZLOOLQYROYHDORZHU
PRYHPHQWYHORFLW\WRSRI WKHSHDNDQGPHDQ
IRUFHYHORFLW\WUHQGOLQHVLQ)LJXUH
$QRWKHUZD\RI FRQVLGHULQJWKHUHODWLRQVKLS
EHWZHHQIRUFHDQGYHORFLW\LVWRSORWFRQWLQXRXV
GDWDVHWVDJDLQVWRQHDQRWKHU&RUPLHet al. KDYH
XVHGWKLVDSSURDFKH[WHQVLYHO\LQWKHLUUHVHDUFKWR
VKRZWKHHIIHFWWKDWGLIIHUHQWUHVLVWDQFHWUDLQLQJ
VWUDWHJLHVFDQKDYHRQGLIIHUHQWVWUHQJWK
FRPSRQHQWV)LJXUHVKRZVWKHIRUFHYHORFLW\
ORRSVUHVXOWLQJIURPWKLVW\SHRI DQDO\VLV,QWKLV
H[DPSOHIRUFHDQGYHORFLW\REWDLQHGIURPDQ
LQGLYLGXDOMXPSLQJZLWKQRDGGLWLRQDOORDGDQG
ZLWKEDUEHOOORDGVHTXLYDOHQWWRDQG
RI WKHLUERG\PDVVDUHSORWWHGDJDLQVWRQH
DQRWKHU7KHUHVXOWLQJJUDSKVKRZVWKDWDVORDG
LQFUHDVHVQRWRQO\GRHVIRUFHRXWSXWLQFUHDVHDQG
YHORFLW\GHFUHDVHEXWDOVRWKHLQWHUDFWLRQEHWZHHQ
WKHPFKDQJHV
7KLVDSSHDUVRI LPSRUWDQFHDVLWJRYHUQV
UHVLVWDQFHH[HUFLVHLQWHQVLW\JRYHUQVWKHRXWFRPH
RI DUHVLVWDQFHWUDLQLQJSURJUDPDQGDOORZV
H[HUFLVHSURIHVVLRQDOVDQGVSRUWVVFLHQWLVWVWR
LGHQWLI\DQGH[SORUHWKHUHOHYDQFHDQGGHYHORSPHQW
RI GLIIHUHQWVWUHQJWKFRPSRQHQWV7KHH[FHOOHQW
WH[WERRNE\=DWVLRUVN\DQG.UDHPHUSURYLGHV
GHWDLOHGGHVFULSWLRQRI WKLVUHODWLRQVKLS+RZHYHU
WKHPDLQWKLQJWKDWVKRXOGEHKLJKOLJKWHGDERXWWKLV
LVWKHHIIHFWWKDWLWFDQKDYHRQDQ\UHVLVWDQFH
WUDLQLQJORDGLQJVWUDWHJ\DQGWKLVZLOOEHGLVFXVVHG
LQJUHDWHUGHSWKZKHQZHPRYHRQWRWKH
ELRPHFKDQLFDOFRQFHSWVRI PHFKDQLFDOZRUNDQG
SRZHU
GRAPHICAL REPRESENTATION 
OF FORCE: THE FORCE-TIME 
CURVE
:HZLOOGLVFXVVWKHHIIHFWWKDWPDVVFDQKDYHRQ
ELRPHFKDQLFDOYDULDEOHVOLNHYHORFLW\DQGSRZHU
ODWHULQWKLVDUWLFOH)LUVWZHVKRXOGFRQVLGHUKRZD
JUHDWHUXQGHUVWDQGLQJRI 1HZWRQ·VODZRI 
DFFHOHUDWLRQFDQEHJDLQHGE\XQGHUVWDQGLQJKRZ
IRUFHLVW\SLFDOO\DSSOLHGGXULQJUHVLVWDQFHH[HUFLVH
ZKDWWKHUHVXOWLQJforce-time curves PHDQDQGKRZ
WKH\DUHXVHGWRREWDLQPRUHLQIRUPDWLRQDERXW
Figure 1: Peak and mean force-velocity trendlines 
from unloaded and loaded (+25%, +50%, +75%, and 
+100% body mass [BM]) CMJ performance. Velocity 
moves from the right to the left as load increases.
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Figure 2: Continuous force-velocity loops from unloaded and loaded (+25%, +50%, +75%, and +100% body 
mass [BM]) CMJ performance. Zero velocity marks the start of the lowering phase (unweighting and eccentric 
sub-phases), which continues until the curve crosses zero. This marks the bottom, semi-squat position, and the 
start of the propulsion phase (active concentric and momentum sub-phases).
SHUIRUPDQFHXVLQJWKHLPSXOVHPRPHQWXP
UHODWLRQVKLSDQH[WHQVLRQRI 1HZWRQ·VODZRI 
acceleration$OWKRXJKWKHIRFXVRI WKHVHDUWLFOHVLV
UHVLVWDQFHWUDLQLQJLWLVRIWHQHDVLHUWRH[SODLQZKDW
IRUFHWLPHFXUYHVVKRZXVXVLQJYDULDWLRQVRI 
YHUWLFDOMXPSLQJEHFDXVHPRVWUHDGHUVZLOOEH
IDPLOLDUZLWKWKLVPRYHPHQWGRLQJVRPHVRUWRI 
YDULDWLRQHLWKHULQWKHLUFKRVHQVSRUWRUDVSDUWRI 
WKHLUVWUHQJWKDQGFRQGLWLRQLQJSURJUDPEHFDXVH
YHUWLFDOMXPSLQJLVHDV\WRYLVXDOLVH²ZHSXVKZH
WDNHRIIZHODQGDQGEHFDXVHWKHHIIHFWWKDW
WHFKQLTXHDQGORDGFDQKDYHDUHHDVLO\H[SORUHG
What are they?
)RUFHWLPHFXUYHVDUHWKHSURGXFWRI SORWWLQJ
IRUFHRXWSXWRQWKHYHUWLFDOD[LVRI WKHJUDSK
DJDLQVWWKHWLPHRYHUZKLFKLWLVDSSOLHGRQWKH
KRUL]RQWDOD[LVRI WKHJUDSK%LRPHFKDQLVWVXVH
IRUFHSODWIRUPVDGHYLFHOLNHDYHU\VRSKLVWLFDWHG
VHWRI EDWKURRPVFDOHVWKDWLVW\SLFDOO\EROWHGWRD
VROLGEDVHDQGKRXVHVVHQVLWLYHWUDQVGXFHUVWKDW
GHWHFWDQGUHFRUGFKDQJHVLQWKHIRUFHDSSOLHGWR
WKHPWRUHFRUGIRUFHRXWSXWUHO\LQJRQWKHIRRW
ÁRRULQWHUDFWLRQLQKHUHQWLQPRVWUHVLVWDQFH
H[HUFLVH
Different types of force-time curve
7KHIRUFHWLPHFXUYHLVSDUWLFXODUO\XVHIXO
EHFDXVHLWLOOXVWUDWHVERWKWKHSDWWHUQRI IRUFH
RXWSXWRU¶KRZ·IRUFHLVDSSOLHGDQGKRZPXFK
IRUFHLVDSSOLHGDWDQ\JLYHQWLPH,QDFFRUGDQFH
ZLWK1HZWRQ·VODZRI accelerationWKHIRUFHWLPH
FXUYHSDWWHUQLVLQÁXHQFHGE\WKHWRWDOPDVVWKDWLV
PRYHG+RZHYHUH[HUFLVHW\SHDOVRLQÁXHQFHVWKH
IRUFHWLPHFXUYHSDWWHUQ)LJXUHVKRZVDW\SLFDO
IRUFHWLPHFXUYHIURPDVTXDWMXPS6-ZKLFK
FRQVLVWVRI WKHMXPSHUKROGLQJDVHPLVTXDW
SRVLWLRQIRUIHZVHFRQGVEHIRUHWU\LQJWRMXPS
XSZDUGVDSSO\LQJIRUFHRQWKHJURXQGE\H[WHQGLQJ
WKHKLSNQHHDQGDQNOHMRLQWV)LJXUHLVDQ
H[FHOOHQWH[DPSOHRI DEHOOVKDSHGIRUFHWLPHFXUYH
7KHVKDSHRI WKHIRUFHWLPHFXUYHFDQEH
LQÁXHQFHGE\WKHFRPSRVLWLRQRI WKHH[WHUQDOORDG
)RUH[DPSOHWUDGLWLRQDOEDFNVTXDWORDGLQJLV
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DSSOLHGE\DSODWHORDGHGEDUEHOO+RZHYHU
SRZHUOLIWHUVRIWHQPDQLSXODWHWKLVE\SURYLGLQJD
FHUWDLQSHUFHQWDJHRI WKHORDGZLWKHLWKHUHODVWLF
EDQGRUFKDLQUHVLVWDQFH7KLVVRUWRI ORDGLQJ
VWUDWHJ\FDQLQÁXHQFHWKHIRUFHWLPHFXUYHEHFDXVH
DOWKRXJKWKHORDGUHPDLQVLVRLQHUWLDOLWLQFUHDVHV
WKURXJKRXWWKHFRQFHQWULFUDQJHRI PRWLRQWR
SURYLGHDFFRPPRGDWLQJUHVLVWDQFHGXULQJWKHOHVV
SUREOHPDWLFSKDVHVRI WKHOLIW6LPLODUO\
HODVWLFEDQGDVVLVWDQFHLVVRPHWLPHVXVHGWRHLWKHU
DVVLVWWKHOLIWHUWKURXJKDSDUWLFXODUVWLFNLQJSRLQW
RI WKHUHVLVWDQFHH[HUFLVHRULQVRPHFDVHVHQDEOH
DWKOHWHVWRWUDLQ¶RYHUVSHHG·YHUWLFDOMXPSV7KH
UHVXOWRI WKHVHVOLJKWDOWHUDWLRQVWRORDGLQJFDQ
SURGXFHWKUHHGLVWLQFWO\GLIIHUHQWW\SHVRI IRUFH
WLPHFXUYHDVFHQGLQJWKHSURGXFWRI DGGLWLRQDO
HODVWLFEDQGRUFKDLQUHVLVWDQFHEHOOVKDSHGZKLFK
LVW\SLFDOO\IRXQGLQWUDGLWLRQDOEDFNVTXDWEHQFK
SUHVVRUYHUWLFDOMXPSSHUIRUPDQFH)LJXUHDQG
GHVFHQGLQJZKLFKLVW\SLFDOO\IRXQGLQUHVLVWDQFH
H[HUFLVHVOLNHWKHEDFNVTXDWGHDGOLIWRUYHUWLFDO
MXPSZKHUHHODVWLFEDQGVDUHXVHGWRDVVLVWWKH
DWKOHWH,QWHUHVWHGUHDGHUVVKRXOGFRQVLGHUWKH
UHYLHZRI ORDGPDQLSXODWLRQVWUDWHJLHVE\%DNHUDQG
1HZWRQ,WVKRXOGEHQRWHGWKDWWKHW\SHDQG
YDULDWLRQRI UHVLVWDQFHH[HUFLVHVLJQLÀFDQWO\
LQÁXHQFHVWKHIRUFHWLPHUHODWLRQVKLSDQGDVVXFK
FDQLQÁXHQFHWKHWUDLQLQJVWLPXOXV
WHAT CAN WE DO WITH THE 
FORCE-TIME CURVE?
The impulse-momentum relationship
7KHUHODWLRQVKLSEHWZHHQIRUFHDQGDFFHOHUDWLRQ
WHOOVXVWKDWWRPRYHDFFHOHUDWHDQH[WHUQDOORDGZH
KDYHWRDSSO\DIRUFHWRLWDQGWKDWWKHDPRXQWRI 
IRUFHZHDSSO\GLFWDWHVKRZIDUDQGKRZIDVWWKH
H[WHUQDOORDGZLOOPRYH+RZHYHUZHFDQWDNHWKLVD
VWDJHIXUWKHUE\FRQVLGHULQJKRZORQJWKHIRUFHLV
DSSOLHGIRU7KHELRPHFKDQLFDOFRQFHSWRI LPSXOVH
GHVFULEHVWKLVUHODWLRQVKLSZKLFKLVRI SDUWLFXODU
LPSRUWDQFHEHFDXVHPDQ\KXPDQPRYHPHQWV
SDUWLFXODUO\VSRUWLQJPRYHPHQWVWHQGWRRFFXU
XQGHUVRPHIRUPRI WLPHFRQVWUDLQW)RUH[DPSOH
WKHDPRXQWRI WLPHW\SLFDOO\DYDLODEOHIRUDWKOHWHV
Figure 3: Force-time and velocity-time curves of unloaded SJ performance. 
Volume 3, Issue 1, April 2014 | JOURNAL OF FITNESS RESEARCH 24
VSULQWLQJDWWRSVSHHGWRDSSO\IRUFHLVOLPLWHGWR
DERXWthRI DVHFRQG5HVHDUFKHUVKDYHVKRZQ
WKDWLPSXOVHPD\EHDNH\GHWHUPLQDQWRI 
DGDSWDWLRQEHFDXVHRI LWVUHODWLRQVKLSZLWKPRWLRQ
+HUHZHZLOOSURYLGHDPRUHFRPSUHKHQVLYH
H[SODQDWLRQRI WKHUHODWLRQVKLSEHWZHHQIRUFHDQG
PRYHPHQWE\IRFXVLQJRQWKHLPSXOVHPRPHQWXP
UHODWLRQVKLS:HQRZNQRZWKDWLPSXOVHLVWKH
SURGXFWRI IRUFHDQGWLPH0RPHQWXPRQWKH
RWKHUKDQGLVWKHSURGXFWRI mass RUH[WHUQDOORDG
DQGvelocity1HZWRQ·VÀUVWODZRI PRWLRQWKHODZRI 
LQHUWLDFDQKHOSFRQVROLGDWHWKHUROHRI HDFKRI 
WKHVHSDUDPHWHUV7KLVODZVWDWHVWKDWVWDWLRQDU\
DQGPRYLQJREMHFWVSRVVHVVLQHUWLDWKHLUUHOXFWDQFH
WRFKDQJHWKHLUYHORFLW\ZKLFKLVUHSUHVHQWHGE\
PDVVDQGPRPHQWXPUHVSHFWLYHO\$VLPSOHZD\WR
XQGHUVWDQGvelocity LVWRFRQVLGHULWDVspeed LQDJLYHQ
GLUHFWLRQVRKRZTXLFNO\VRPHWKLQJPRYHVLQD
JLYHQGLUHFWLRQ7KHLPSXOVHPRPHQWXP
UHODWLRQVKLSWHOOVXVWKDWLPSXOVHHTXDOVDFKDQJHLQ
ZKHUHƅLVVFLHQWLÀFVKRUWKDQGIRU¶FKDQJHLQ·
PRPHQWXPDQGLVUHSUHVHQWHGE\HDFKKDOI RI WKH
IROORZLQJHTXDWLRQUHVSHFWLYHO\
Force ïƅtime = mass ïƅvelocity
7KHLPSXOVHPRPHQWXPUHODWLRQVKLSVKRZVXV
WKDWWKLVLQÁXHQFHVKRZTXLFNO\DQGKRZIDUDPDVV
PRYHV,QWKHRU\ERWKWKHmass DQGvelocity 
FRPSRQHQWVRI PRPHQWXPFDQEHPDQLSXODWHG
KRZHYHUDFKDQJHLQPDVVLVXQOLNHO\GXULQJ
UHVLVWDQFHH[HUFLVHVRZHIRFXVRQLWVFKDQJHLQ
YHORFLW\7KLVUHODWLRQVKLSFDQEHWKRXJKWRI DVD
QDWXUDOH[WHQVLRQRI 1HZWRQ·VVHFRQGODZRI 
PRWLRQWKHlaw of  accelerationDQGWKHWDNHKRPH
SRLQWVIURPWKLVWKHQVKRXOGEHWKDWWKHDPRXQW
DQGUDWHRI PRYHPHQWRI DPDVVGHSHQGVRQKRZ
KDUGZHpush RUpull LWDQGWKHDPRXQWDQGUDWH
RI PRYHPHQWFDQEHGLUHFWO\UHODWHGWRKRZORQJ
ZHpush RUpull LWIRU6XFKLQIRUPDWLRQFRXOGEH
REWDLQHGIURPIRUFHWLPHFXUYHVZKLFKXQGHUSLQ
LWVLPSRUWDQFHIRUVSRUWVFLHQWLVWVDQGH[HUFLVH
ELRPHFKDQLVWV)LJXUHDQG
7KHÀUVWVWDJHRI WKLVIRUFHWLPHFXUYHDQDO\VLVLV
WRWDNHDQDYHUDJHYDOXHIURPWKHÀUVWSHULRGRI WKH
6-ZKHUHWKHDWKOHWHPDLQWDLQVDVWDWLFVHPLVTXDW
SRVLWLRQWKLVPD\EHDVWDWLFVWDQGLQJSRVLWLRQLQ
RWKHUH[HUFLVHVVKRZQLQ)LJXUH7KLVSURYLGHV
Figure 4: Force-time and velocity-time curves of unloaded CMJ performance.
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the weight RI WKHMXPSHU:HVXEWUDFWWKLVIURPWKH
RULJLQDOIRUFHWLPHFXUYHWRREWDLQnet forceEHFDXVH
FDOFXODWLRQVRI DFFHOHUDWLRQYHORFLW\DQG
GLVSODFHPHQWDUHEDVHGRQWKHIRUFHVWKDWRYHUFRPH
inertiaFDXVHDFKDQJHLQYHORFLW\DQGZHLJKWLVWKH
HIIHFWRI PDVVDQGWKHDFFHOHUDWLRQRI JUDYLW\7KLV
LVWKHQGLYLGHGE\WKHPDVVRI WKHMXPSHUWR\LHOG
WKHDFFHOHUDWLRQRI WKH&20ZKLFKLVWKHQ
LQWHJUDWHGRQFHWR\LHOGWKHYHORFLW\RI KLVFHQWUH
RI PDVVDQGLQWHJUDWHGDJDLQWR\LHOGWKH
GLVSODFHPHQWRI WKH&203RZHUFDQWKHQEH
FDOFXODWHGE\PXOWLSO\LQJIRUFHE\YHORFLW\
9HORFLW\FDQWKHQEHXVHGWRLGHQWLI\WKHGLIIHUHQW
SKDVHVRI DPRYHPHQWEHFDXVHLWVKRZVQRWRQO\
KRZIDVWWKHH[WHUQDOORDGPRYHVEXWDOVRLWV
GLUHFWLRQ)LJXUHDQG:KLOHWKLVVHULHVRI 
FDOFXODWLRQVDSSHDUTXLWHFRPSOLFDWHGWKH
LQWHJUDWLRQDSSURDFKLVVLPLODULQFRPSOH[LW\DQG
DFWVLQUHYHUVHWRWKHGLIIHUHQWLDWLRQDSSURDFKXVHG
E\UHODWLYHO\LQH[SHQVLYHOLQHDUWUDQVGXFHUVVXFKDV
WKH*\P$ZDUH70,WVKRXOGEHQRWHGWKDWRWKHU
VLPLODUGHYLFHVOLNHWKH%RVFR(UJR3RZHU8
)LWUR'<1(DQG3O\RPHWULF3RZHU6\VWHPDUH
FRPPHUFLDOO\DYDLODEOHDQGWKDWVRPHRI WKHVH
V\VWHPVDOVRFDOFXODWHYDULDEOHVVXFKDVIRUFHSRZHU
DQGYHORFLW\IRUHDFKUHSHWLWLRQRI PDQ\UHVLVWDQFH
WUDLQLQJH[HUFLVHV
The effect of resistance exercise type on 
force-time curves
:KLOHWKLVLVLPSRUWDQWNQRZLQJMXVWKRZIRUFH
WLPHFXUYHVYDU\DVDFRQVHTXHQFHRI GLIIHUHQW
UHVLVWDQFHH[HUFLVHW\SHVFDQKDYHVLJQLÀFDQW
LPSOLFDWLRQVIRUWKHH[HUFLVHVHOHFWLRQFRPSRQHQW
RI UHVLVWDQFHWUDLQLQJSUHVFULSWLRQSDUWLFXODUO\ZLWK
UHJDUGVWRUHVLVWDQFHWUDLQLQJUHVSRQVHV,QRXUÀUVW
DUWLFOHZHGHPRQVWUDWHGWKHHIIHFWWKDWORDG·V
YHFWRUKDVRQMRLQWPRPHQWVDQGLOOXVWUDWHGWKH
SUDFWLFDOUHOHYDQFHRI WKHLQWHUSUHWDWLRQRI IRUFH
WLPHFXUYHVGHSHQGLQJRQWKHW\SHRI UHVLVWDQFH
H[HUFLVHDQGWKHLPSOLFDWLRQVIRUUHVLVWDQFHH[HUFLVH
SUHVFULSWLRQDQGVXEVHTXHQWWUDLQLQJUHVSRQVHV
6LPLODUO\LQWKLVVHFRQGDUWLFOHRI WKHVHULHVZHZLOO
LOOXVWUDWHWKHHIIHFWWKDWUHVLVWDQFHH[HUFLVHW\SHKDV
RQWKHUHVSHFWLYHIRUFHWLPHFXUYHVE\FRPSDULQJ
EDOOLVWLFVHPLEDOOLVWLFDQGQRQEDOOLVWLFUHVLVWDQFH
H[HUFLVH
5HVLVWDQFHH[HUFLVHEHFRPHVEDOOLVWLFZKHQWKH
H[WHUQDOORDGERG\PDVVEDUEHOOPDVVRUERWKLV
SURMHFWHGLQWRIUHHVSDFH7KHVLPSOHVWH[DPSOH
SUHVHQWVLWVHOI LQWKHIRUPRI FRPSDULVRQEHWZHHQ
EHQFKSUHVVDQGEHQFKWKURZH[HUFLVHDQG
EDFNVTXDWDQGORDGHGYHUWLFDOMXPSRIWHQUHIHUUHG
WRDVVTXDWMXPS>6-@H[HUFLVHDQGLQWHUHVWHG
UHDGHUVDUHUHIHUUHGWKHH[FHOOHQWUHYLHZE\)URVWet 
al. 7KHPDLQGLIIHUHQFHEHWZHHQEDOOLVWLFDQG
QRQEDOOLVWLFUHVLVWDQFHH[HUFLVHLVWKDWGXULQJ
EDOOLVWLFUHVLVWDQFHH[HUFLVHWKHOLIWHUOHDYHVWKH
JURXQGRUWKHH[WHUQDOORDGLVSURMHFWHGLQWRVSDFH
$VDFRQVHTXHQFHIRUFHWHQGVWREHDSSOLHGRYHUD
VKRUWHUSURSXOVLRQSKDVHZKLFKLVDGYDQWDJHRXV
IRUDWKOHWHVZKRQHHGWRDSSO\IRUFHXQGHUWLPH
FRQVWUDLQW5HVHDUFKKDVVKRZQWKDWGLIIHUHQFHV
EHWZHHQEDOOLVWLFDQGQRQEDOOLVWLFUHVLVWDQFH
H[HUFLVHPD\QRWEHDVODUJHDVÀUVWWKRXJKWDQG
WKDWWKHZD\LQZKLFKWKHFRQFHQWULFSKDVHRI 
UHVLVWDQFHH[HUFLVHLVGHWHUPLQHGPD\H[SODLQVRPH
RI WKHVHGLIIHUHQFHV+RZHYHUWKHUHLVQR
DYRLGLQJWKHIDFWWKDWWKHDJRQLVWPXVFOHVPD\
UHGXFHWKHLUDFWLYDWLRQWRZDUGVWKHHQGRI WKH
FRQFHQWULFSKDVHDQGWKHDQWDJRQLVWPXVFOHV
SURGXFHIRUFHWRVORZGRZQDWWKHHQGRI UDQJH
GXULQJQRQEDOOLVWLFUHVLVWDQFHH[HUFLVHZKLFKLV
ZK\EDOOLVWLFUHVLVWDQFHH[HUFLVHVDUHRIWHQSUHIHUUHG
IRUSRZHUWUDLQLQJ7KLVKDVOHGPDQ\VWUHQJWKDQG
FRQGLWLRQLQJFRDFKHVDQGH[HUFLVHSURIHVVLRQDOVWR
XVHRWKHUIRUPVRI VHPLEDOOLVWLFUHVLVWDQFHH[HUFLVH
OLNHYDULDWLRQVRI WKH2O\PSLFZHLJKWOLIWVOLNHWKH
SRZHUVQDWFKDQGSRZHUFOHDQDQGNHWWOHEHOO
H[HUFLVHVOLNHWKHWZRKDQGHGVZLQJDQGHODVWLF
EDQGUHVLVWDQFH:HVKRXOGDOVRSRLQWRXWWKDW
EDOOLVWLFUHVLVWDQFHH[HUFLVHOLNHORDGHG6-VKRXOGEH
LQWURGXFHGJUDGXDOO\LQWRDWKOHWHVWUHQJWKDQG
FRQGLWLRQLQJSURJUDPVDQGFDXWLRQWDNHQEHFDXVH
RI WKHLQFUHDVHGPHFKDQLFDOGHPDQGVWKDWDUH
DVVRFLDWHGZLWKERWKSURSXOVLRQDQGODQGLQJRU
FDWFKLQJLQWKHFDVHRI WKURZLQJSKDVHV
7KHPDLQSRLQWIRUWKHLQWHUHVWHGUHDGHUWRWDNH
IURPWKLVLVWKDWGLIIHUHQWW\SHVRI UHVLVWDQFH
H[HUFLVHZLOOUHTXLUHDGLIIHUHQWSDWWHUQRI IRUFH
RXWSXWEHFDXVHRIWKHGLIIHUHQWUDQJHRI 
PRYHPHQWWKHGLIIHUHQWUHODWLYHFRQWULEXWLRQRI 
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XSSHUDQGRUORZHUERG\MRLQWVWRWKHPRYHPHQW
WKHORDGWKDWFDQEHOLIWHGZLOOGLIIHUDFURVV
GLIIHUHQWUHVLVWDQFHH[HUFLVHVPDLQO\EHFDXVHRI WKH
ÀUVWDQGVHFRQGSRLQWVDQGDSSOLFDWLRQRI IRUFH
ZLOOEHPRUHHIÀFLHQWEHFDXVHRI WKHZD\LQZKLFK
WKHOHYHUV\VWHPRI WKHERG\LVXVHG$UHODWLYHO\
VLPSOHSUDFWLFDOH[DPSOHSUHVHQWVLWVHOI LQWKH
UHFHQWVWXG\E\6ZLQWRQet al. 7KH\FRPSDUHG
ELRPHFKDQLFDOFKDUDFWHULVWLFVRI WKHVWUDLJKWDQG
KH[DJRQDOEDUEHOOGHDGOLIWH[HUFLVHDQGWKHLUUHVXOWV
VKRZHGWKDWSHUIRUPLQJWKHVDPHH[HUFLVHZLWKD
GLIIHUHQWEDUEHOOFDXVHGDVLJQLÀFDQWVKLIWLQWKH
&20WKDWIDFLOLWDWHGLPSURYHGPHFKDQLFDO
HIÀFLHQF\E\HQDEOLQJWKH&20RI WKHKH[DJRQDO
EDUEHOOWRSDVVFORVHWRWKHERG\·V&20DVYLHZHG
IURPWKHVLGHSRVLWLRQ
The effect of resistance exercise tech-
nique on force-time curves
7KLVSRLQWZDVEULHÁ\LQWURGXFHGLQWKH
SDUWLFXODUFRQWH[WRI 6-H[HUFLVHIRUFHWLPHFXUYHV
+RZHYHUIXUWKHUGLVFXVVLRQLVZDUUDQWHGEHFDXVH
LQWKLVFRQWH[WWKHHIIHFWWKDWWHFKQLTXHFDQKDYH
RQWKHIRUFHWLPHFXUYHFDQKDYHLPSRUWDQW
LPSOLFDWLRQVQRWRQO\IRUWKHW\SHRI UHVLVWDQFH
H[HUFLVHVWKDWDUHSUHVFULEHGEXWDOVRLQWKHZD\LQ
ZKLFKZHSHUIRUPEDVLFKXPDQPRYHPHQWV
7KHPRVWFRPPRQWHFKQLTXHDGDSWDWLRQDSSOLHG
WREDVLFKXPDQPRYHPHQWVLVWKHSHUIRUPDQFHRI 
VRPHIRUPRI FRXQWHUPRYHPHQW
FRXQWHUPRYHPHQWMXPS &0-ZKLFKLVD
PRYHPHQWSHUIRUPHGLQWKHGLUHFWLRQRSSRVLWHWR
WKHLQWHQGHGPRYHPHQWGLUHFWLRQHFFHQWULF
FRQWUDFWLRQLPPHGLDWHO\EHIRUHPRYHPHQWLQWKH
LQWHQGHGGLUHFWLRQFRQFHQWULFFRQWUDFWLRQ,I 
SHUIRUPHGHIÀFLHQWO\WKLVFRXQWHUPRYHPHQW
UHFUXLWVZKDWLVFRPPRQO\UHIHUUHGDVWKHVWUHWFK
VKRUWHQLQJF\FOH66&ZKLFKKDVEHHQVKRZQWR
LPSURYHMXPSLQJSHUIRUPDQFH5HYLHZRI WKH
PHFKDQLVPVWKDWXQGHUSLQLPSURYHGSHUIRUPDQFH
DUHEH\RQGWKHVFRSHRI WKLVDUWLFOHDQGWKH
LQWHUHVWHGUHDGHULVGLUHFWHGWRWKHWKRURXJK
H[SODQDWLRQVSURYLGHGE\%REEHUWet al. DQG
&RUPLHet al. +RZHYHULWLVLPSRUWDQWWRQRWH
WKDWXVHRI WKH66&WKURXJKDGGLWLRQRI D
FRXQWHUPRYHPHQWFDQDIIHFWMRLQWSRVLWLRQVDWNH\
SRLQWVRI SHUIRUPDQFHSDUWLFXODUO\GXULQJMXPSLQJ
ZKLFKLQWXUQFDQDIIHFWIRUFHRXWSXWDQGDVVRFLDWHG
ELRPHFKDQLFDOSDUDPHWHUV
7KHHIIHFWWKDWWKH66&KDVRQWKHIRUFHWLPH
UHODWLRQVKLSLVVKRZQLQWKHGLIIHUHQFHVLQIRUFH
WLPHFXUYHVRI 6-DQG&0-)LJXUHDQG)URP
WKHSUDFWLWLRQHU·VSHUVSHFWLYHLWPD\EHXVHIXOWR
XQGHUVWDQGQRWRQO\WKHHIIHFWRI DWHFKQLTXH
DOWHUDWLRQRQWKHUHVSHFWLYHIRUFHWLPHFXUYHDQG
WKHQSHUIRUPDQFHEXWDOVRZK\ZHPLJKWZDQWWR
SUHVFULEHUHVLVWDQFHH[HUFLVHVWKDWHLWKHUXVHRU
GRQ·WXVHWKH66&WRPDQLSXODWHWUDLQLQJUHVSRQVH
)LJXUHVKRZVWKHW\SLFDOIRUFHWLPHFXUYHIURP
D&0-LQFOXGLQJWKHGLIIHUHQWSKDVHVQRWH
GLIIHUHQFHVZLWK)LJXUH&RPSDUHGWR6-)LJXUH
)LJXUHLOOXVWUDWHVWZRDGGLWLRQDONH\SKDVHV
WKDWRFFXUGXULQJWKH&0-unloadingDQGbraking
)RUFHGHFUHDVHVEHORZWKHMXPSHU·VERG\ZHLJKW
GXULQJWKHXQORDGLQJSKDVHEHFDXVHWKH&20
PRYHVLQWKHVDPHGLUHFWLRQWKDWWKHDFFHOHUDWLRQRI 
JUDYLW\DFWV'XULQJWKHVHFRQGSKDVHRI WKH
GRZQZDUGPRYHPHQWWKH&20FRQWLQXHVWRPRYH
WKLVZD\+RZHYHUWKHMXPSHUQRZEHJLQVWR
GHFHOHUDWHWKH&20braking WKHGRZQZDUG
PRYHPHQWE\DSSO\LQJHFFHQWULFIRUFHWRWKH
JURXQGYLDHFFHQWULFFRQWUDFWLRQOHQJWKHQLQJRI 
WKHSULPDU\MXPSLQJPXVFOHV7KLVFRQWLQXHVXQWLO
WKHMXPSHUVWRSVLQWKHERWWRPVHPLVTXDWSRVLWLRQ
IRUDIUDFWLRQRI DVHFRQGEHIRUHWKHSURSXOVLRQRU
XSZDUGSKDVHEHJLQV7KLVSKDVHFRQWDLQVDQDFWLYH
DQGSDVVLYHVXESKDVH)LJXUHVKRZVKRZIRUFH
WLPHDQGYHORFLW\WLPHFXUYHVFDQEHFRPELQHGWR
LGHQWLI\FKDQJHVLQ&20PRYHPHQWGLUHFWLRQ7KH
EHJLQQLQJRI WKHSURSXOVLRQSKDVHERWWRP
SRVLWLRQLVLQGLFDWHGE\WKHFKDQJHIURPDQHJDWLYH
WRSRVLWLYH&20YHORFLW\7KHDFWLYHVXESKDVHLV
FKDUDFWHULVHGE\FRQFHQWULFIRUFHRXWSXWDQG
FRQWLQXHVXQWLOWDNHRII&RQWLQXHGGLVSODFHPHQWWR
WKHKLJKHVWSRLQWRI WKHMXPSLVDFRQVHTXHQFHRI 
WKHPRPHQWXPWKHPDVVKDVDQGLVVXEMHFWWRWKH
DFFHOHUDWLRQRI JUDYLW\ZKLFKHYHQWXDOO\FDXVHVWKH
MXPSHU·VUHWXUQWRWKHJURXQG7KHPDLQSRLQWIRU
WKHLQWHUHVWHGUHDGHUWRWDNHIURPWKLVLVWKDW
FKDQJLQJWHFKQLTXHWRXVHWKH66&FKDQJHVWKH
IRUFHWLPHFXUYHDQGFDQLPSURYHSHUIRUPDQFH
VLJQLÀFDQWO\
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Mechanical work 
:HNQRZWKDWLI ZHDSSO\IRUFHWKDWLVVXIÀFLHQW
WRRYHUFRPHWKHLQHUWLDRI DQH[WHUQDOORDGLWZLOO
DFFHOHUDWH:KHQHYHUDQH[WHUQDOORDGPRYHV
EHFDXVHZHKDYHHLWKHUpushed RUpulled LWPHFKDQLFDO
ZRUNLVSHUIRUPHG0HFKDQLFDOZRUNLVDUHODWLYHO\
VLPSOHFRQFHSWLQDVPXFKDVLWLVWKHSURGXFWRI 
WKHIRUFHDSSOLHGWRDQH[WHUQDOORDGDQGWKH
GLVWDQFHWKHH[WHUQDOORDGPRYHVDVDFRQVHTXHQFH
,WLVLPSRUWDQWWRQRWHKRZHYHUWKDWZKLOHVLPSOH
ZHPXVWUHPDLQPLQGIXORI WKHGLUHFWLRQWKHIRUFH
LVDSSOLHGDQGWKHGLUHFWLRQWKDWWKHH[WHUQDOORDG
PRYHV
,I ERWKIRUFHDSSOLFDWLRQDQGPRYHPHQWRFFXULQ
WKHVDPHGLUHFWLRQZHKDYHSHUIRUPHGpositive 
PHFKDQLFDOZRUNKRZHYHULI WKH\RSSRVHRQH
DQRWKHUWKHQZHKDYHSHUIRUPHGnegative ZRUN
3UDFWLFDOO\WKHHDVLHVWZD\WRYLVXDOLVHWKLVPLJKWEH
WRFRQVLGHUSHUIRUPDQFHRI WKHEHQFKSUHVVH[HUFLVH
$IWHUWDNLQJWKHEDUEHOOIURPWKHUDFNIRUFHLV
DSSOLHGXSZDUGVYLDHFFHQWULFFRQWUDFWLRQRI WKH
DJRQLVWPXVFOHVLQWRWKHEDUEHOODVLWLVORZHUHG
XQGHUFRQWUROWRZDUGWKHFKHVWnegative work is 
performed'XULQJWKHDVFHQWSKDVHWKHIRUFHLVDJDLQ
DSSOLHGXSZDUGVLQWRWKHEDUEHOOYLDFRQFHQWULF
FRQWUDFWLRQRI WKHDJRQLVWPXVFOHVWRPRYHLWIURP
WKHFKHVWXSZDUGVLQWKHVDPHGLUHFWLRQWKDWIRUFHLV
DSSOLHGpositive work LVSHUIRUPHG$VZLWKPRVW
ELRPHFKDQLFDOFRQFHSWVPDQLSXODWLQJHLWKHURI WKH
WZRYDULDEOHVWKDWXQGHUSLQPHFKDQLFDOZRUNFDQ
LQÁXHQFHWKHDPRXQWRI PHFKDQLFDOZRUNWKDWZH
SHUIRUPGXULQJUHVLVWDQFHH[HUFLVHWKHDPRXQWRI 
IRUFHZHDSSO\WRWKHH[WHUQDOORDGWKHGLVWDQFH
WKHH[WHUQDOORDGPRYHVRUDFRPELQDWLRQRI 
DQG
Mechanical power output
0HFKDQLFDOSRZHUGHVFULEHVWKHUDWHDWZKLFK
PHFKDQLFDOZRUNLVSHUIRUPHG7KLVFDQKDYH
LPSRUWDQWLPSOLFDWLRQVIRUWKHZD\ZHSUHVFULEH
UHVLVWDQFHWUDLQLQJSURJUDPVWRDWKOHWHVEHFDXVH
PRVWVSRUWVDQGDWKOHWLFHYHQWVWHQGWREHEDVHGRQ
SHUIRUPDQFHRI PHFKDQLFDOZRUNXQGHUVRPHNLQG
RI WLPHFRQVWUDLQW:HFDQXVHWKHIRUFHWLPHFXUYH
)LJXUHDQGWRÀQGRXWMXVWKRZPXFKIRUFH
ZDVDSSOLHGGXULQJWKHpushing SDUWRI WKHYHUWLFDO
Figure 7: Peak and mean load-power relationships 
from semi-ballistic exercise (2-handed kettlebell 
swing) with 16, 24 and 32 kg.
Figure 6: Unloaded and loaded (+20%, +40%, +60%, 
and +80% 1 repetition maximum [1RM]) peak and 
mean load-power relationships from non-ballistic 
exercise (back squat).
Figure 5: Unloaded and loaded (+25%, +50%, +75%, 
and +100% body mass [BM]) peak and mean load-
power relationships from ballistic exercise (CMJ).
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MXPSLQWKLVH[DPSOHDQGWKHQGHULYHKRZIDUWKH
H[WHUQDOORDGWKHERG\PDVVPRYHGVHH
GHVFULSWLRQDERYH7KLVWHOOVXVKRZPXFK
PHFKDQLFDOZRUNZDVSHUIRUPHGGXULQJWKHpushing 
SKDVH'LYLGLQJPHFKDQLFDOZRUNE\WKHGXUDWLRQRI 
the pushing SKDVH\LHOGVmechanical power outputRU
PRUHVSHFLÀFDOO\average power outputGXULQJWKDW
SKDVH0RUHPHFKDQLFDOSRZHULVDFKLHYHGLI ZH
SHUIRUPPRUHPHFKDQLFDOZRUNLQWKHVDPHDPRXQW
RI WLPHSHUIRUPWKHVDPHDPRXQWRI 
PHFKDQLFDOZRUNLQOHVVWLPHIDVWHURUD
FRPELQDWLRQRI DQG7KHVHSRLQWVKDYH
LPSRUWDQWLPSOLFDWLRQVIRUVSRUWVSHUIRUPDQFH
DQGDVDFRQVHTXHQFHVLJQLÀFDQWSDUWVRI WKH
VWUHQJWKDQGFRQGLWLRQLQJSURFHVVIRFXVRQWKH
GHYHORSPHQWRI SRZHU
The effect of external load: The relation-
ship between load and power 
6RIDUZH·YHLQWURGXFHGGHÀQHGDQGGLVFXVVHG
GLIIHUHQWQHXURPXVFXODUFRQFHSWVOLNHIRUFH
LPSXOVHDQGPRPHQWXPDQGUHODWLRQVKLSVOLNHWKH
IRUFHYHORFLW\DQGLPSXOVHPRPHQWXPUHODWLRQVKLS
DQGWKHW\SLFDOIRUFHWLPHUHODWLRQVKLSRI GLIIHUHQW
W\SHVRI YHUWLFDOMXPSSHUIRUPDQFH7KLVVHFWLRQ
ZLOOEULHÁ\H[SORUHWKHHIIHFWWKDWORDGKDVRQ
PHFKDQLFDOSRZHURXWSXWZKLFKKDVEHHQWKHIRFXV
RI FRQVLGHUDEOHUHVHDUFKDWWHQWLRQ
(DUO\UHVHDUFKIRFXVHGRQ
H[SORULQJWKHHIIHFWWKDWUHVLVWDQFHWUDLQLQJZLWKWKH
ORDGWKDWPD[LPLVHVPHFKDQLFDOSRZHURXWSXWKDG
RQVWUHQJWKDQGSRZHU5HVXOWVSUHVHQWHGE\
.DQHNRet al. VKRZHGWKDWVXFKWUDLQLQJOHGWR
VLJQLÀFDQWLPSURYHPHQWVLQERWKVWUHQJWKDQG
SRZHU6XEVHTXHQWUHVHDUFKKDVEHHQVSOLWLQWRWZR
NH\DUHDVFRQWLQXHGVWXG\RI WKHHIIHFWWKDW
UHVLVWDQFHWUDLQLQJZLWKWKHORDGWKDWPD[LPLVHV
SRZHUWKHRSWLPDOORDGKDVRQVWUHQJWKDQGSRZHU
DQGHVWDEOLVKLQJWKHORDGWKDWPD[LPLVHVSRZHU
LQGLIIHUHQWUHVLVWDQFHH[HUFLVHVDQGLQGLIIHUHQW
SRSXODWLRQV0DQ\VWXGLHVKDYHQRWHGWKDWWUDLQLQJ
ZLWKWKHORDGWKDWPD[LPLVHVPHFKDQLFDOSRZHU
RXWSXWFDQKDYHDSRVLWLYHHIIHFWRQSRZHU
DQGLQVRPHFDVHVPD[LPDOVWUHQJWK+RZHYHU
WKHFRQFHSWRI DQRSWLPDOORDGKDVEHHQFRQWHVWHG
)XUWKHUPRUHUHVHDUFKLQWRWKHVHWZRDUHDVFDQ
JHWDOLWWOHFRQIXVLQJEHFDXVHRI WKHGLIIHUHQW
UHVSRQVHWKDWSRZHUKDVWRORDGLQGLIIHUHQW
UHVLVWDQFHH[HUFLVHVFRPSOLFDWLQJWKHLGHQWLÀFDWLRQ
RI DQRSWLPDOORDGEHFDXVHRI WKHGLIIHUHQW
PHWKRGVWKDWDUHRIWHQXVHGWRPHDVXUHDQGUHSRUW
SRZHU
)RUH[DPSOHWKUHHPDLQPHWKRGVDUHW\SLFDOO\
XVHGWRREWDLQYHUWLFDOMXPSSRZHUDQGWKHVHDUH
EDVHGDURXQGGHULYLQJLWIURPWKHPRWLRQRI DQ
REYLRXVODQGPDUNOLNHWKHEDUEHOO²XVLQJHLWKHU
EDUEHOOPDVVERG\PDVVRUERWK
GHULYLQJLWIURPYHUWLFDOJURXQGUHDFWLRQIRUFHDV
GLVFXVVHGSUHYLRXVO\RUIURPD
FRPELQDWLRQRI PHWKRGDQG7KH
LQWHUHVWHGUHDGHULVGLUHFWHGWRPHWKRGFRPSDULVRQV
WKDWKDYHEHHQSHUIRUPHGLQDQHIIRUWWRHVWDEOLVK
WKHUHODWLYHYDOLGLW\RI WKHVHPHWKRGVEXWLW
VKRXOGEHQRWHGWKDWZKLOHWKHPHWKRGXVHGWR
REWDLQSRZHULQÁXHQFHVWKHORDGWKDWPD[LPLVHV
SRZHULWUHPDLQVDFRQWHQWLRXVLVVXH$GGLWLRQDOO\
VRPHVWXGLHVKDYHUHSRUWHGWKHKLJKHVW
LQVWDQWDQHRXVSRZHURXWSXWUHFRUGHGGXULQJWKH
SXVKLQJSKDVHRI DUHVLVWDQFHH[HUFLVHZKLOHRWKHUV
KDYHUHSRUWHGWKHDYHUDJHSRZHURXWSXWRI WKH
SXVKLQJSKDVH,WVKRXOGEHQRWHGWKDW'XJDQet 
alQRWHGWKDWZLWKUHJDUGWRYHUWLFDOMXPSLQJ
UHSRUWLQJHLWKHUSHDNRUPHDQSRZHULVWHFKQLFDOO\
FRUUHFWDQGWKDWLWPD\EHPRUHORJLFDOWRUHSRUW
WKHSDUDPHWHUPRVWDVVRFLDWHGZLWKMXPSLQJ
SHUIRUPDQFHSHDNSRZHU+RZHYHU.QXGVRQ 
KDVSRLQWHGRXWWKDW´«net vertical impulse exactly 
determines vertical jump height«µSS
7KHUHIRUHEHFDXVHWKHUHVXOWRI QHWYHUWLFDO
LPSXOVHLVUHODWHGE\WKHSKDVHRYHUZKLFKLWLV
DSSOLHGPHDQSHUIRUPDQFHYDOXHVPD\DOVREHRI 
LQWHUHVWDQGFRXOG\LHOGLPSRUWDQWLQIRUPDWLRQ
7KHHIIHFWWKDWGLIIHUHQWUHVLVWDQFHH[HUFLVHVKDYH
RQWKHORDGSRZHUUHODWLRQVKLSZDUUDQWVGLVFXVVLRQ
EHFDXVHRI WKHHIIHFWWKDWLWFDQKDYHRQUHVLVWDQFH
WUDLQLQJORDGSUHVFULSWLRQDQGUHVSRQVHUHJDUGOHVV
RI WKHPHWKRGXVHGDQGZKHWKHUSHDNRUPHDQ
SRZHULVUHSRUWHG([DPSOHVRI ORDGSRZHU
UHODWLRQVKLSVREWDLQHGIURPGLIIHUHQWW\SHVRI 
UHVLVWDQFHH[HUFLVHEDOOLVWLFQRQEDOOLVWLFDQG
VHPLEDOOLVWLFDUHSUHVHQWHGLQ)LJXUHV	
UHVSHFWLYHO\7KH\FOHDUO\LOOXVWUDWHWKHHIIHFWWKDW
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UHVLVWDQFHH[HUFLVHW\SHFDQKDYHRQWKHORDGSRZHU
UHODWLRQVKLS7KHUHIRUHFDUHPXVWEHWDNHQZKHQ
GHVLJQLQJUHVLVWDQFHWUDLQLQJSURJUDPVWRLPSURYH
SRZHU
7KHFRQFHSWRI DQRSWLPDOORDGIRUWKH
GHYHORSPHQWRI SRZHUKDVEHFRPHDFRQWURYHUVLDO
LVVXHLQVWUHQJWKDQGFRQGLWLRQLQJUHVHDUFK7KLV
DSSHDUVWRKDYHFRPHDERXWE\WKHUDWLRQDOHWKDW
KDVEHHQXVHGLQZKLFKSRZHUKDVEHHQVDLGWREH
WKHVWURQJHVWSUHGLFWRURI YHUWLFDOMXPS
SHUIRUPDQFH&ULWLFVULJKWO\SRLQWRXWWKDWLPSXOVH
LVWKHVWURQJHVWSUHGLFWRURI YHUWLFDOMXPS
SHUIRUPDQFHEHFDXVHLWLVGLUHFWO\UHODWHGWRWDNH
RII YHORFLW\ZKLFKJRYHUQVYHUWLFDOMXPSKHLJKW
LQDFFRUGDQFHZLWKWKHODZVRI XQLIRUP
DFFHOHUDWLRQDQGWKLVZDVGLVFXVVHGLQDOLWWOHPRUH
GHWDLOHDUOLHULQWKLVUHYLHZ+RZHYHUWKLVVKRXOGQ·W
GHWUDFWIURPWKHLPSRUWDQFHRI SRZHURXWSXWLQ
WHUPVRI ERWKLWVLPSRUWDQFHLQDWKOHWLF
SHUIRUPDQFHDQGLWVGHYHORSPHQWLQUHVLVWDQFH
WUDLQLQJSURJUDPVSDUWLFXODUO\ZKHQDGYDQFHVLQ
UHVLVWDQFHWUDLQLQJSURJUDPGHVLJQOLNHFRPELQHG
VWUHQJWKDQGSRZHUWUDLQLQJDUHFRQVLGHUHG57KH
WDNHKRPHSRLQWIRUWKHVWUHQJWKDQGFRQGLWLRQLQJ
FRDFKDQGH[HUFLVHSURIHVVLRQDOLVWKDWSRZHU
UHVSRQGVGLIIHUHQWO\WRORDGLQGLIIHUHQWUHVLVWDQFH
H[HUFLVHVDQGWKLVVKRXOGEHFRQVLGHUHGZKHQ
SODQQLQJUHVLVWDQFHWUDLQLQJSURJUDPVWKDWIRFXVRQ
WKHGHYHORSPHQWRI SRZHU
CONCLUSIONS
7KLVDUWLFOHKDVGHÀQHGDQGH[SODLQHGNH\
QHXURPXVFXODUFKDUDFWHULVWLFVRI UHVLVWDQFHH[HUFLVH
3HUKDSVPRUHLPSRUWDQWO\LWKDVGLVFXVVHGKRZWKH\
FDQEHPDQLSXODWHGWRPD[LPLVHUHVLVWDQFHWUDLQLQJ
JDLQV:HIHHOWKDWWKHNH\SRLQWVWRWDNHIURPWKLV
DUWLFOHDUHWKDWWRPD[LPLVHSRZHURXWSXWDQG
WUDQVIHUWRVSRUWVSHUIRUPDQFHUHVLVWDQFHH[HUFLVHV
EDVHGRQPRYHPHQWSDWWHUQVVLPLODUWRVSRUWLQJ
PRYHPHQWVVKRXOGEHSHUIRUPHGZLWKORDGVWKDW
UHÁHFWWKHSULQFLSOHIRUFHYHORFLW\SRZHU
UHODWLRQVKLSRI WKDWVSRUWUHVLVWDQFHH[HUFLVHV
WKDWHQDEOHXVHRI WKHVWUHWFKVKRUWHQLQJF\FOHPD\
DXJPHQWSRZHUEXWVKRXOGEHPDWFKHGWRVSRUWLQJ
GHPDQGVDQGIRUK\SHUWURSK\ZKHUHE\LPSXOVH
IRUFHDQGWLPHXQGHUWHQVLRQPD\EHPRUH
LPSRUWDQWVOLJKWO\KLJKHUUHSHWLWLRQUDQJHVDQG
VORZHUUHSHWLWLRQYHORFLWLHVPD\EHPRUH
DSSURSULDWH7KHÀQDODUWLFOHLQWKLVVHULHVZLOOIRFXV
RQH[SODLQLQJKRZWKHFRPSRVLWLRQRI UHVLVWDQFH
H[HUFLVHORDGFDQEHPDQLSXODWHGWRPD[LPLVHWKH
HIIHFWLYHQHVVRI UHVLVWDQFHWUDLQLQJJDLQV
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